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FUMING  NITRIC  ACID  OXILIZStC 
FOR  UQUID  FHUI DJJJIT  ROCKLT  ENGINES 

A*  FUR?  cf?8t 

To  sat  forth  data  tuU  conclusions  of  a  Power  Plant  Laboratory  study 
presented  to  the  Laboratory  Staff  (June  *55)  ua  the  use  of  fuming  nitric 
aold  oxidizers  in  liquid  props Hunt  rocKut  engines  on  development  contracts. 
(Unclassified) 

B.  fAgTOAL  DATA> 

1.  Inhibited  red  fuming  nitric  acid  (Type  I!T  a,  IRFNA)  has  a  number 
of  advantages  vniefc.  make  it  more  desirable  than  white  fuming  nitric  sold 
(Type  I,  WtUA)  for  use  in  liquid  propellant  rochet  enginos,  Thoje  advan¬ 
tages  aret 

a 

e.  Lover  freezing  point 

b.  Greater  stability  during  storage 

c.  Loss  corrosion.  (Unclassified) 

2.  The  use  of  Type  III  A  Add  has  some  disadvantages  which  are  es 
follows 1 

1.  Higher  vapor  pressure 

b.  The  inhibitor  now  used  attacks  In  varying  degrees  cutter lads 
such  es  corsets,  ceramics,  and  glass. 

C.  The  compatibility  of  all  the  materials  in  engines  under 
development  has  not  baen  proved. 

d.  Tha  cooling  capacity  is  approximately  30$  less  than  VT.U. 
(Unclassified) 

3.  The  physical  and  chemical  properties  of  Type  IIlA  and  Type  I 
adds  ere  very  einiler  so  that  the  change  to  Type  XllA  from  Type  I  on 
engines  under  development  results  la  e  minimum  of  redesign  and  testing  of 
the  engine.  Design  principles  used  in  gas  geaerotors.  pumps,  thrust 
chambers  and  injectors  appear  to  be  equally  adaptable  to  type  1IIA  Add. 
(COKllBSliTlAL) 

4.  Nine  rocket  engines  using  fuming  nitric  acid  as  the  oxidizer  are 
in  various  stages  of  development.  Two  of  these  engines,  the  XIR77-R-S-1 
(IHJ7)  and  the  XUs91-Ba-1  (X3-5S),  were  designed  and  developed  to  their 
present  statue  with  Type  IIlA  Acid.  ( GCMPXDSiTlAL) 

The  Title  of  this  Report  io  •Unclassified.* 
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3*  A  UieuiilM  of  ipM&tl  tMtii  otbcr  data*  ud  Individual  n^mi 
will  bo  fount  in  Appendix  A.  (Oaolaealfied) 

c.  c^CTigiga. 

1.  Tfca  aliutagM  of  Ttp*  III  A  over  Typo  1  ooid  oro  ruffle  loot  to 
warrant  a  ehanoe  to  typo  III  A  in  tfcoaa  onglaoa  wblab  aro  atfaadnlad  for 
operational  uee.  (Unelaaalflad) 

2.  fba  fatuza  itotae  of  rgl-t  aadar  terelopneot  will  bo  an  foliom 

a.  TLo  HB&3-AJ-3,  end  XXB6?-8A-5  asciata  will  eoatinuo 

to  uoo  Typ*  S  noli* 

b«  tbo  XXB81-&A*!  and  XUT77<«X-1  an^lnoe  will  eontlTina  to  um 
typo  £32A  acid. 

a*  Tbo  HBS7-8A-9  abould  bo  acnvertad  Ssm  Typo  X  to 

Typo  XXZA  Acid  for  all  aaapooant  iapronueit  aad  eacioe  qualification 
»“*uji  (tain  rowan  da  tion  baa  boon  node  to  tlxa  OUi-&3  project  office). 

4*  The  IIB73-AJ-I  will  bo  aaonrortad  to  Typo  XXXA  Aeld.  Ary 
raAioal  daai  |o  eba&goa  that  tiff  or  fro®  Typo  X  praetieoo  a  hall  bo  bsoo&t 
to  tha  attontiaa  of  Fewer  Plant  Laboratory  by  tin*  ft»ii»a  contractor. 

•m  T&n  XIB39-AJT-9  aa«ia>  abaold  bo  converted  to  Typo  XXXA  Aold 
at  tbo  appropriate  tine  ao  aa  to  wtUlxe  fall  benefit  of  flight  approval 
taetlij.  aad  flight  ttbrlilftf 

f •  tha  XX3S9~AJ»5  engine  afcould  bo  converted  to  Typo  XXXA  laid 
if  aajar  tnwelopnont  affort  la  eaoaldared  for  tMa  ec*iae 

(CCOTB&fflAL) 


0. 

It  la  nn—ralii  that  wo  tetri  el  aad  atomjpe  evaluation  pro  yew  bo 
nonttftaod  with  Typo  XXXA  laid  to  aappert  tbo  rocket  eaglao  pcagreewi 
(UaalaoaifioA) 
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APPENDIX  A 


A.  BACKGROUND  % 

1.  fuming  nitric  acid  hca  bean  used  by  the  Air  Fores  as  the  primary  oiuliar 
for  applications  involving  stand-by  time  such  aa  assist  taka-off,  aircraft  super- 
porformanca,  intarcaptor  aircraft  and  air-to  surfaoa  missiles.  Three  typao  of 
fuming  nitric  acid  bars  baan  used;  acid  with  a  nominal  OX  nitrogen  dioxida,  acid 
with  a  nominal  6*  nitrogen  dioxida,  and  acid  with  a  nominal  IkX  nitrogen  dioxide. 
(Cotjfiuiivri-i.; 


2.  Type  I  Add  waa  selected  as  the  standard  oxidizer  for  major  angina 

development  worn,  primarily  because  of  its  lover  vapor  pressure.  Although  the 
freezing  point  of  Type  1  Acid  is  about  it  was  thought  that  an  additiva  could 

be  obtained  which  would  lower  this  value  to  a  -65°T.  A  eomplataly  satisfactory 
additive  naa  not  bean  found  which  lowers  the  freezing  point  but  at  the  same  time 
maintains  the  other  desirable  characteristics  of  vapor  pressure  and  water  content. 

( Cj.SFIDSN’TlAi.) 

3.  Type  I  Acid  decomposes  during  storage  liberating  oxygen  which  prohibits 
the  storage  in  sealed  Containers  without  periodic  venting.  A  further  result  of 

the  decomposition  is  an  increase  in  water  and  nitrogen  dioxide  content.  ( CONFIDENTIAL) 

4«  The  extras*  corrosion  tendencies  of  the  fuming  nitric  acids  led  to 
investigations  of  auterlals  and  additives  which  would  decrease  the  corrosion  attack. 
Aluminum  and  the  stainless  stasis  emerged  as  the  primary  materials  of  none true t ion 
end  vary  small  amounts  of  hydrofluoric  acid  ( .$%)  is  affsetive  in  reducing  corro¬ 
sion  to  most  metals  in  both  Type  Z  and  Type  III  Aoids.  (Unclassified) 

3*  The  decomposition  and  corrosion  of  type  I  Add  did  not  appear  to  be  a 
major  problem  in  the  earlier  rocket  engines  since  they  could  oporatc  with  add 
wnich  had  accumulated  some  iron  products  through  corrosion  processes  and  would 
tolerate  water  content  of  2%  to  $%  without  seriously  affecting  performance.  How¬ 
ever,  with  engines  airing  gas  generators  for  turbine  drives  end  firing  durations 
greeter  than  60  sjeonds,  troubles  were  experienced  with  iron  deposits  in  thrust 
chamber  ana  ct>rbon-iron  deposits  in  the  gss  generator  systems  which  caused  severe 
limitations  on  the  procurement  and  storage  of  the  oxidizer.  Hopes ted  use  of 
shipping  and  storage  containers  aggravates  the  situation  since  residual  corrosion 
products  contaminate  the  fresh  add  unless  a  cleaning  process  is  invoked. 

6.  Xxperlsnce  with  Type  ZZZ  Acid  indicated  that  this  acid  was  much  more 
■tabls  and  thsrefors  could  be  stored  in  sealed  containers  with  only  vary  small 
changes  In  composition  for  relatively  long  time  periods.  A  freezing  point  of 
-65°?  could  be  obtained  with  the  judieloua  selection  of  nitrogen  dioxide  and 
water  content  without  adverse  effeots  on  rocket  engine  systems.  The  use  of  the 
inhibitor,  hydrofluoric  acid,  and  aelaetad  aateriala  substantially  decreases 
corrosion  ratea  for  long  term  storage  and  therefore  la  beneficial  In  decreasing 
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the  metallic  content  of  the  oniulzer  at  the  time  it  Is  used.  (CuNFILBITIaL) 

B.  POVSR  PLANT  LASOVToHY  STUDIES 

1.  In  view  of  the  knows  advantages  of  Type  IIIA  Acid,  the  Rocket  Propellant 
Section  of  Power  Plant  Laboratory,  VCUf ,  and  the  Chemical  Branch  of  Materials 
Laboratory,  VCRTO,  recommended  taat  Type  ZZ1A  Add  be  used  for  new  engine  develop¬ 
ment  programs  and  that  consideration  be  given  to  changing  the  existing  engines  to 
Type  II La  Add.  These  recommendations  were  followed  and  the  design  of  XLR77-PM-1 
and  XlR5i.-Ei-l  engines  were  initiated  with  Type  IZlA  Add.  Studies  end  special 
testa  were  then  conducted  to  determine  the  feasibility  of  converting  the  existing 
engines.  The  following  para^aphs  relate  test  data  and  general  information  rela¬ 
tive  to  the  conversion  of  existing  engines.  ( CONFIDENTIAL) 

Report a  on  the  progress  of  the  Corporal  and  Nika  missiles  developed  by 
Army  Ordnance  ware  reviewed  for  applicable  data. 

a.  The  Corporal  is  a  20,000  lb  thrust  unit  operated  for  6o  seconds* 

The  thrust  chamber  material,  including  the  injector,  is  1020  mild  steel  end  the 
chamber  is  regenerative  ly  cooled  with  fuel,  a  50-50  mixture  of  aniline  and  alcohol 
plus  7%  hydrazine.  The  tanka  are  aluminum  with  a  -stared  gam  pressure  feed.  The 
rejor  development  effort  was  done  with  RFUA  (f>%  NO2)  and  a  change  was  mads  to 
XRSHa  ( 14S  NO2)  without  eay  changes  in  the  system. 

b.  The  Nike  is  a  2800  lb  thrust  unit  ( cruise)  with  a  ceramic-lined 
chamber  and  nozzle.  The  chamber  produced  by  the  Bell  Airoraft  Corporation  usea  a 
niafrax  convergent  section  and  throat,  a  graphite  chamber  section  with  a  silicon 
carbide  coating,  a  graphite  diverging  section  and  a  zirconium  and  sodium  silicate 
insulating  cement.  Development  wore  was  conducted  with  RINA  (6%  NO2)  and  the  unit 
van  converted  to  QtfNA  (14X  NOg)  without  design  changes.  ( CONFIDENTIAL) 

3.  The  Bell  Airer^'t  Corporation  has  conducted  a  number  of  teats  with 
Rascal  hardware  (XIR67-BA-9  eagins  components)  in  support  of  the  Hustler  program 
with  Type  XXIA  Acid.  Th-jse  teats  are  summarized  below. 

a.  Approximately  150  thrust  chamber  assembly  runs  were  made  over  a 
temperature  range  of  -65 ‘’P  to  vl60°F  with  the  mixture  ratio  varied  from  3.8  to 
5.7.  The  fuel  was  JP-4  with  OTHH  as  the  start  fluid.  The  runs  averaged  15 
seconds  in  duration  and  the  chamber  was  fabricated  of  stainless  eteel  tubes  with 
east  aluminum,  steel  injectors,  end  a  ceramic  host  barrier  on  the  combustion  side, 
fifteen  different  chambers  end  eleven  (11)  injectors  were  usedi  many  having 
previous  firing  time  with  Type  I  Acid,  No  endurance  or  life  tests  were  conduoted. 
Performance  appeared  to  be  equivalent  to  that  obtained  with  Type  I  Acid. 

b.  Three  Rascal  pump  and  drive  assemblies  were  tested  with  Type  XILA 
Acid  and  JP-4«  Assembly  No.  1  was  tested  in  five  (5)  runs  totaling  1.5  minutes. 
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(AFVBMX  A  -  Oontlaued) 

eeeesbly  Mo,  2  «w  operated  27  tiaaa  totally  21«5  aiixrieee*  and  aacssiiy  Mo.  3  was 
rua  89  tiaei  for  a  total  of  37*5  eiauteiu  Other  than  repif  oEidiats  seal  wear* 
there  were  no  dlffloultlae  attributable  to  tbs  sold* 

o.  Aa  gsddiaar  puap  on  the  teot  rig  eceapletaS  12  taata  totaling 
10  boar*  of  operation  for  calibration  and  aeduraae*  tease*  Q^e  seal  ( teilun-elass) 
endured  tha  oonpleta  teate. 

d.  Taata  with  a  gta  generator  peefraga  Leva  isdieatad  no  additional, 
protlase  with  ear  hen,  perfooceixee,  or  ean&ols. 

i 

a*  la  addition  to  the  above  taata*  bob*  tasting  has  beeo  aeuwplishad 
with  prototype  Hustler  ccnponeata  (21  June  1955).  She  drilled  a  lariat  ehaaber 
ooofi ^ration  haa  been  fired  93  tiaaa  with  43  full  duration  runs.  She  a Uel  tube  «■ 
eaat  alueriat  design*  haa  had  193  firings  with  93  full  duration  suns*  Injectors 
have  been  fired  over  the  teaperature  range  of  «65°P  to  ♦140°f .  Com  iujoetor  haa 
aohiaved  34  full  duration  rune  far  a  total  aaduraaoa  of  3317  aseools*  A  puap  end 
drive  eesaahly  haa  acetpilahed  175  oloutaa  of  functional  testing.  (MKCTlilSTIAL) 

4.  Of  prlaaxy  inportaaoe  to  the  fabrication  of  liquid  propellent  rocket 
engine*  arc  the  oata rials  of  construction*  Progress  to  t  Ians  critical  nltanta 
insle&a  thum  o»  cereal ca  and  17-7FH  for  I605  end  347  steels*  Previous  data  with 
17-7FB  iadioatad  that  tha  inhibitor  canard  a  aeala  tarnation-  Aiflh  if  allowed  to 
dry  and  thee  exposed  to  soaaturs,  would  separate  team  the  }hn?t  Tha  f 

Materials  laboratory  ran  iom  Quick  taata  with  lf-Tffl  and  evnilab'e  'areadna  with 
type  11  Li  Acid.  The  testa  were  inoonaluaiwa  beaaune  of  the  tins  alcana t.  SUeults 
of  thaee  taata  indicated  tha  followl&gi 

a*  .  t  <  tenparatura  of  175°?  n  seals  will  form  on  in  liquid 

ffiTHA  in  eooeWatg  .vsae  than  4  hour®* 

b.  At  anhieat  tcepereturee*  tha  tins  required  for  aaels  foraetioa  00 
l?-7Hi  la  liquid  IRThi  ie  greater  then  three  (3)  days* 

«•  A  ooe-Us*  aeala  rsor&l  fren  previ  coaly  cerroded  a  peel  sene  did  not . 
adversely  effect  tha  corrosion  rats  of  17-7P8  whoa  m-eobjeoted  to  tha  corrodiag 
audita*. 


d.  Two  of  the  twelve  a  espies  tested  In  EUhA  at  173^7  indicated  rather 
severs  pitting  heats  It  the  wauls* 

a.  E&ts  ettaekwi  all  pares  Us  cut  Jested  to  tha  taata  in  a  closed 
•y*  t**a  «t  173*7*  In  eu  open  eye  teat  tha  preaeswa  of  8?  did  not  effect  the  seteriale 
at  ce&twat  Ueporeturee*  Different  oereaic  ftawUttaM  exhibited  different 
caaroourietioe.  Virile  SRIH*  *  tucked  all  eecanlee  subjected  to  the  teat  acre 
vigorously  thee  W1SJA,  the  applicability  of  the  teat  procedure  for  thaw  eerenics 
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destined  far  thrust  ciicmbsr  us  a  is  Questionable.  Ceremie  filters  and  rotating 
e©al  eleeenta  may  not  fce  usable  ia  IB7NA.  Development  of  tha  X1R77-HK-1  engine 
and  other  cereals  lares tAgat ions  sponsored  by  tha  Power  Plant  Laboratory  baa 
Indicated  that  csraaiss  are  now  available  fur  thrust  chamber  liners  with  ERJMa 
as  tha  oxidizer . 


5«  Tha  Aerojet-General.  Corporation  conducted  socae  apaoial  testa  on  a  17-7H2 
r« genera ti ve ly  ooolod  chamber  and  injector  with  Type  II LA  Acid.  This  ch rebar  was 
fired  26  tinea  in  saren  days.  Thera  war*  25-60  second  runs  and  1-15  saoond 
runs  with  hours  maximum  interval  between  runs.  Periodic  examination  of  tha 
filter  downstream  of  the  chamber  coolant  jacket  did  not  reveal  any  difference!  than 
with  Tyjja  I  laid.  The  performance  was  equivalent  to  that  obtained  with  Type  Z 
Acid.  T card own  of  the  chamber  revealed  severe  erosion  of  the  injector  face  and 
combustion  chamber  wall  adjacent  to  the  injector.  The  erosion  may  have  been  caused 
by  HT,  KO?*  or  injector  design  (spray  pattern).  There  have  been  no  other  indica¬ 
tions  that  either  KF  or  NOj  would  be  tha  primary  cause  faf  such  erosion)  however, 
pest  experience  shows  that  tha  injection  pattern  can  cause  erosion  by  the  cireula- 
tistt  of  ecsrtnistion  gases  within  the  chamber.  ( CCHFIDSNTIAL) 

* 

6.  Other  problems  of  installation  and  servicing  have  been  examined.  For 
super  performance  type  aircraft,  tha  higher  Taper  pressures  of  Type  IIlA  Acid  will 
require  higher  tank  pressures  to  prevent  boil-off.  More  stringent  requirements 
will  be  placed  cn  booster  pumps  because  of  the  higher  vapor  pressure  and  greater 
suppression  head  required  by  the  rocket  engine  pumps.  (It  was  calculated  for  the 
F-Sb  rocket  engine  installation  that  tha  oxidizer  tan*  far  a  10  pel  pressure  would 
weigh  81  lbs.  whereas  tha  present  tank  with  only  3  psi  weights  71  1**-  A  further 
increase  to  28  pel  would  bring  tank  weights  to  about  100  lbs.)  Filtration  equip¬ 
ment  has,  in  general,  used  glass  elements  for  filter  material.  However,  metallic 
strainers  have  bean  used  almost  exclusively  in  operations  to  data.  The  design  of 
the  B-2  servicing  trailer  has  considered  the  handling  of  Types  I,  HI,  and  Ills 
Acids  .  (  CCtOriDBHTLiL) 


1M 
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/tC  'The  primary  ad ventage a  of  Type  II IA  Acidj  storage  stability,  low 
freezing  point,  end  less  corrosion,  are  sufficient  to  justify  its  use  in  rocket 
propulsion  ayatamajfhlch  are  to  be  developed  for  tactical  use.  fOnoIasalfled) 

The  use  of  tha  material  17-7H*  with  Type  IILA  Acid  la  questionable  end 
further  investigations  should  be  made  to  substantiate  or  refute  existing  data. 
(OaelOYt-fted)  . .  . 

"5^ !>Ad*quate  oeramio  materials  are  available  for  use  in  angina  cccbuaticn 
chambers,  (nnnlaaslflsd)’ 

>  The  majority  of  rocket  engine  construction  materials  are  equally 
adaptable  to  Type  I  or  IIlA  Aoid.  (Oaslaas  A  t  A  si)—1 * 
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5r£?&**iffk  sritoxia  (  eaabuatlca,  i*J«ctic*L,  pw*xe,  eod  •oollag)  appaar  to  ba 
equally  adaptable  to  Typo  I  or  HXA.  Add*  TLo  dlffaraoaaa  la  rcpor  pcoarura, 
density,  and  boat  capacity  nasi  b*  oo&sidarad  la  ayataaa  deal®!*.  (OutlOllfiaHT* 
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